South Dakota Farm and Home Research by South Dakota State University
South Dakota State University
Open PRAIRIE: Open Public Research Access Institutional
Repository and Information Exchange
South Dakota Farm and Home Research SDSU Agricultural Experiment Station
Fall 1983
South Dakota Farm and Home Research
South Dakota State University
Follow this and additional works at: http://openprairie.sdstate.edu/agexperimentsta_sd-fhr
Part of the Agriculture Commons
This Magazine is brought to you for free and open access by the SDSU Agricultural Experiment Station at Open PRAIRIE: Open Public Research
Access Institutional Repository and Information Exchange. It has been accepted for inclusion in South Dakota Farm and Home Research by an
authorized administrator of Open PRAIRIE: Open Public Research Access Institutional Repository and Information Exchange. For more information,
please contact michael.biondo@sdstate.edu.
Recommended Citation
South Dakota State University, "South Dakota Farm and Home Research" (1983). South Dakota Farm and Home Research. 129.
http://openprairie.sdstate.edu/agexperimentsta_sd-fhr/129
A N N U A L 
R E 
(,30,7 
So <i'l, 1 'l. 
1/ . )~ / no-'-t"' 
/CJ'1-3 
The harvest is the high point of the year for 
most of us . Good. plump wheat pouring out of 
the combine, solidly muscled cattle being 
loaded for market. or bulging wool sacks on 
the shearing floor can overcome many of the 
frustrations of being a farmer or rancher. 
There are a lot of hopes and hard work bound 
up in a harvest. whatever commodity it may 
be. 
Harvest time comes to the Experiment 
Station. too; our scientists experience the 
same cycle of hopes. hard work. and harvest 
as you do. While they too may cut grain and 
finish cattle. their biggest harvest is another 
commodity. that of information. 
It is an exhilarating time. sometimes a 
frustrating one, when the harvest of 
information begins to come in. Some research 
has an immediate payoff; sometimes years go 
by before results come or before South 
Dakotans can begin to use the information. 
And sometimes results are disappointing. 
No one can predict which one of the 
thousands of crosses of field crops, 
vegetables. fruits. or ornamentals will be the 
next high yielding. insect and disease resistant 
variety. It looks like we're on the right track 
with the new rye that is described in this 
issue. But there have been setbacks along the 
way, as you will read. 
Nor can we predict that we will make any 
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Director's 
comments 
Being a researcher has a lot 
in common with being a farmer 
-
real strides against TGE or ro tavirus diseas8s 
in pigs, even with our new technology of 
making monoclonal antibodies. Or that 
restructured meats will catch on with the -
public. 
Our restructured meat product has received 
a good dea l of national attention this 
year-we have been to Washington, DC. twice 
to demonstrate it. It seems to be a great idea 
that is working. But what will test marketing 
reveal? Will it bring more dollars to the 
producers and a better product to the 
consumer? We certainly expect it to do both. 
And what if the harvest can't be measured 
in dollars? But how can we deny the benefits 
of protecting food from spoilage. or of an 
improved fruit tree? Or of comprehendng a 
little more clearly the forces that shape South 
Dakota agriculture in our "800th lifetime of 
man. '' 
This issue of Farm & Home Research brings 
you some of the results of our harvest of 
information. The South Dakota Agricultural 
Experiment Station is proud of its record of 
contribution to the growth and health of South 
Dakota agriculture and the state's economy. 
We have an excellent group of highly trained 
and motivated research scientists dedicated to 
a good harvest. We want to meet the 
c~allenges and needs o~ tomorrow. W e will. -
with the support of an mformed public. D 
\ 
-Monoclonal antibodies 
Technique used in cancer research 
will help our vets in swine work 
Scientists from SDSU's Veterinary 
Science, Microbiology, and Plant Science 
departments are looking into a new 
biotechnology-monoclonal antibodies. 
Monoclonal antibodies, which have 
gained publicity as promising diagnostic 
tools and treatment for cancer, have 
much broader application than in that 
area alone. 
Here at SDSU, they can be used by 
veterinary pathologists for diagnosis and 
to isolate and identify different products 
that may be in the blood of an animal. 
The vet lab can use monoclonal 
antibodies to find out if there are 
different strains of the same virus, 
identify those strains, and pass this 
information on to the biologics industry. 
Plant scientists can use monoclonal 
antibodies to purify plant hormones and 
enzymes. They can use an imaging 
process to locate various structures of a 
plant. 
Dr. David Gabrielson, assistant 
professor in the Department of 
Bacteriology at North Dakota State 
University, conducted a 3-day workshop 
on campus to acquaint scientists with the 
new technology. 
The 44 persons attending the workshop 
worked with white mice, because to date 
all monoclonal antibodies have been made 
by fusing a lymphocyte with a mouse 
tumor cell, according to Gabrielson. 
The scientists, while learning the 
techniques for producing monoclonal 
antibodies,· did not actually produce any, 
because the process may take 6 months 
or more, Gabrielson explained. 
The more antibodies in your system, 
the better, but not so in lab work 
Antibody molecules are proteins that 
are generated by the bodies of mammals 
to help fight off an infection or to get rid 
of a particular disease or foreign body. 
whether a tumor cell or a virus infection. 
Gabrielson explained. 
"In our bodies we have hundreds of 
millions of lymphocytes that are capable 
of making an antibody molecule. so you 
have hundreds of millions of different 
types of antibody molecules that can be 
generated. 
"A monoclonal antibody is just what it 
says: ·mono.' meaning single. and 'clonal.' 
meaning it's a cell population that's been 
cloned-you have many cells that came 
from one original parent cell. 
"What you have then is antibody that 
comes from cells that are theoretically 
identical. and this means that the 
antibodies produced are almost identical. 
so you have very uniform specificity." 
Gabrielson said. 
"Cloning is a process that we do in the 
laboratory. It's an artificial process. and 
the reason we do it is that we 're able 
then to select cells that produce a single 
antibody structure that works the best for 
our particular requirements. whether it 
be for a diagnostic kit or to help fight 
tumors. to help isolate other tumors. or to 
help isolate other structures that you 're 
looking at. 
"You pick the antibody-producing cells 
that work best and then grow them in 
3 
Sheila Ottenbacher, assistant in the Veterinary Science Department, 
practices holding a mouse before making an injection . Advising her is 
John McAdaragh, former associate professor of vet science. 
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tissue culture, so it's not a natural 
environment at all. 
"While it's very useful for your body to 
have a very heterogenous defense 
mechanism. it's not nearly as useful in a 
research lab, so that's where the 
advantage for monoclonal antibodies 
applies: They' re intensely specific ." 
Gabrielson explained how monoclonal 
antibodies are made. "What we do is 
chemically fuse a lymphocyte with a 
known mouse tumor cell. The cancer cell 
provides the genetic information for 
growth in the tissue culture environment. 
and the lymphocyte provides the genetic 
information for manufacturing the 
antibody molecule. 
"The two cells that are fused together 
are called a hybridoma. 'hybrid' meaning 
it is a mixture of two cells. and 'oma' 
meaning it's a malignant condition. that it 
will grow and grow and grow. And this is 
what you need." 
lmmunizatio · ~ Growth of Myeloma ~ . Cell Suspension 
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Induce and Collect 
Fluid Containing 
Antibodies 
Grow Clones 
Freeze 
Hybridomas 
One way to produce monoclonal antibodies is to take spleen cells from a 
mouse immunized against a specific disease and fuse them with mouse 
tumor (myeloma) cells to create hybrid cells (hybridomas) that grow in 
culture. The hybridomas are then screened for antibodies. Hybridomas 
that test positive are injected into mice which become living factories for 
the production of antibodies against the same disease. Other positive 
hybridomas can be frozen for future use . (Courtesy ARS, USDA) 
Lymphocytes are concentrated in the 
spleen. so genetic material from mice 
spleen cells which gives directions to 
produce antibod1es is fused with cancer 
cells whose genes keep the cells 
multiplying rapidly. 
"They secrete antibodies as they 
reproduce. You can save those cells and 
harvest the fluid. You can produce gallon 
quantities," according to David Benfield. 
assistant professor of veterinary science. 
-
Manipulating a mouse one-handed is nothing for a pro like David 
Gabrielson , assistant professor at NDSU , who conducted a 3-day 
workshop in monoclonal antibody techniques in Brookings. The new 
SDSU scientists may use technique 
against TGE, rotavirus diseases 
The technique for making monoclona l 
antibodies was first described in 1974 
a nd was published for general use in mid 
1975. "If you think of other new 
biotechnologies like r ecombinant DNA 
and artificial gene synthesis. this 
particular technology has seen faster and 
more widespread application than any 
other." Gabrielson said. 
"It's estimated that in another 10 years 
the monoclonal antibody business-the 
business of making these things-will be 
a $5 billion a year industry. Right now 
there are over 20 monoclonal antibody 
products on the market. and it is 
estimated that within the next year there 
will be an additional 100 products with 
application a ll the way from helping 
identify hep a tit is virus to pregnancy tests 
to treatment of different diseases like 
herpes virus infection and cancer." 
Gabrielson himself is using monclona l 
antibodies to study Toxoplasma gondii, a 
parasite that infects a lmost a ll mammals. 
birds. and reptiles and can cause birth 
procedure has been adopted by researchers and commercial labs faster 
than any other biotechnology. 
defects. blindness. and mental 
retardation. 
Research scientists need to make their 
own monoclona l antibodies instead of 
relying on the biologics companies. 
"If you are studying a disease that is of 
local economic importance. possibly in 
North or South Dakota or Montana. but 
that's it. 95% of the r est of the 
population isn't really that affected (at 
least immediately). That puts it way down 
on the priority list for compa nies. It's a 
cheap investment to learn how to do it 
yourself." 
Benfield expected that monoclonal 
antibodies would be used locally with 
TGE in pigs and rotavirus in pigs and 
calves. 
Assistance for the workshop was 
provided by the F.O. Butler Foundation. 
the SDSU professiona l improvement 
funds. Grand Labora tories of Larchwood. 
IA. VWR Supply of Minneapolis. a nd 
Biologos Inc of Naperville. IL. D 
The writer is Jerry Leslie. in.formation specialist in the Ag 
Communications Office. 
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C.hem lab moved 
We get the 'state chem lab,' 
research and testing integrate 
The Agricultural Experiment Station 
has some new responsibilities with the 
transfer of the agriculturally rela ted 
functions of the State Chemistry 
Laboratory at USD to SDSU. 
In January the analysis of feed, 
fertilizer, dairy products. and pesticides 
was transferred to SDSU, mostly to 
Station Biochemistry in the Animal 
Science Complex, with some going to the . 
Dairy Science Department. 
The forensics portion of the State Cherri 
Lab was transferred to Pierre. 
The decision to make the move to 
Brookings and Pierre came from the State 
Department of Health and the State 
Department of Agriculture, according to 
David Hilderbrand. head of the Chemistry 
Depa rtment a t SDSU which is absorbing 
the transferred functions. The Board of 
Regents gave approval. 
The lab consolidation will save an 
estimated $50,000 a year, according to 
health department officials. Hilderbra nd 
said the lab in Vermillion needed 
extensive remodeling and reworking. and 
some money is being saved by not doing 
that. There will also be savings in 
equipment and in personnel efficiencies. 
Interactions between research and 
testing will be first to show up 
SDSU gained eight full-time positions 
(nine full-time equiva lents, counting 
hourly labor). Six or seven persons were 
expected to transfer from Vermillion to 
SDSU, with about two additiona l positions 
to be filled by new appointments . SDSU 
gained one faculty position and seven 
career service positions in the move. 
The lab is fully staffed. according to 
Hilderbrand. "We looked at the workload. 
put together an organizational chart tha t 
we felt would cover the work, and hired 
enough people to do it. 
"Yes. I feel we're staffed well enough 
to cover the situation. I believe there will 
be one or maybe two less total employees 
between Pierre and Brookings than what 
the lab ha d in Vermillion in te rms of full-
time people, but some part-time student 
labor will pick up some of that slack." 
7 
Joel Padmore. state chemist -from 
Vermillion. was offered an emergency 
appointment at SDSU. because there 
wasn't time to advertise immediately. 
The "state chemist" lost his identity as 
such and is now called tho coordinator of 
this lab. Faculty-level people here 
continue to report directly to the 
department heads. and the state chemist 
coordinates with the Department of 
Health. Department of Agriculture. and 
some of the agricultural industries in the 
state. 
The budget for the new services is 
under the Experiment Station but is 
funded by contract rather than by 
appropriation. The labs are operating as 
a separate activity in the Experiment 
Station. Hilderbrand said. 
Twenty-five percent of the budget is in 
Dairy Science. and 75 % in Station 
Biochemistry section of the Chemistry 
Department. 
"There obviously will be interactions." 
Hilderbrand says. "Problems across the 
state that become apparent as the result 
of testing may lead us to some new 
research projects. There also will be 
interaction between Experiment Station 
and the Extension Service people who 
serve as sources of information and 
recommendations.'' 
State Chem Lab has lost its 
name but its function continues 
8 
Hilderbrand explained that the funding 
arrangement is through a contract with 
the Department of Health. State statutes 
require that the Department of Health 
provide analysis for the Department of 
Agriculture. and "they are contracting 
that out to us. In future years it may 
become a direct contract between us and 
the Department of Agriculture, but for 
now it is a contract with the Department 
of Health more or less on behalf of the 
Department of Agriculture." 
The contract sum is for $117,505 for 6 
months from January to June 1984. 
"That's all that's been determined so far. 
Next year's contract will be prepared 
and submitted at least 3 months before 
the end of the current fiscal year and will 
be built on that base. The Department of 
Health can't sign a contract with us for 
the next fiscal year until it gets its 
appropriations. 
The contract also provided for $55,000 
to $60,000 start-up money for equipment 
and renovation. Hilderbrand said there 
would be joint purchase of one or two 
items between this project and a research 
project. Remodeling to accommodate the 
new lab involved one room in Dairy 
Science and two in Shepard Hall where 
some of the Station Biochemistry work is 
done. · · 
The new laboratories directly serve the 
Department of Agriculture and indirectly 
the feed. fertilizer. pesticide. and dairy 
industries in the state. Samples from 
those industries must be certified and 
tested to demonstrate that they do meet 
label characteristics. Hilderbrand said. 
"If you're serving those areas. you're 
also serving the consumers. the farmers. 
and the people in the state who use the 
products." 
The new lab is under university 
administration. since it is in the Ag 
Experiment Station. The departmental 
administrators are John Parsons as head 
of Dairy Science and Hilderbrand as 
head of Chemistry. The individual leaders 
are Nancy Thiex in feed and fertilizers. 
Duane Matthees in pesticides. and Wes 
Kelley in dairy. Thiex and Matthees were 
on the SDSU staff. and Kelley was with 
the state lab in Vermillion. 
The equipment which SDSU received 
from the state chemist includes "a fair 
amount of very good chromatography 
equipment" including both gas and liquid 
chromatography. smaller pieces of 
equipment. glassware and chemicals. a 
UV visible spectrophotometer. analytical 
balances, and other items. 
Under the transfer to SDSU. the State 
Chemistry Lab is no longer known by that 
name. but is considered the feed and 
fertilizer lab. the pesticide lab. and the 
dairy science lab. according to 
Hilderbrand. "It was fully incorporated 
into the labs that we have here." D 
The writer is Jerry Leslie. in.formation specialist in the Ag 
Communications Office. 
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·• Semi-dwarf with promise 
X73-19 is still experimental, 
it's a short rye, won't lodge 
Dale Reeves. oat breeder for SDSU. is 
working on a promising semi-dwarf rye 
that will not lodge like the tall rye. but 
which he hopes will yield up with the tall 
varieties. 
Standard varieties of rye grow as tall 
as 5 ft when they have ample moisture 
and fertility. When rye gets that tall it 
frequently tips over and tangles or lies on 
the ground. The semi-dwarf grows less 
than 3 ft tall and doesn't lodge. 
Reeves may give a new variety to 
Foundation Seed Stock Division in 1984 
for increase. 
Reeves started with a spring dwarf rye 
called Snoopy that goes back to work by 
D. D. Morey at USDA Coastal Plains 
Research Station in Georgia. 
"It was short, didn't have many tillers, 
and wouldn't give much seed per acre," 
Reeves said. 
He crossed it in 1973 with two South 
Dakota-adapted winter varieties, Cougar 
and Von Lochow. to give it winter 
hardiness . From that cross he got a 
mixture of heights. He picked out plants 
2 ½ ft tall with the largest heads and 
many tillers. 
He's grown it every year sta rting in 
1974. In 1981. 1982, and 1983 he cut off 
all the tall plants prior to the time they 
pollinated. Last year he selected only 
good. short plants which he put in a small 
yield test this year. Some individual plots 
in 1983 yielded above 70 bu/A. 
In a 1982 yield test comparing the new 
semi-dwarf with 27 other entries. X73-19. 
as it is known. ranked somewhere in the 
middle. "The test was not completely 
discouraging. because we planted older 
seed and didn't have as good a stand as 
we'd like." 
He added that X73-19 would have 
ranked higher. were it not for the fact 
that researchers used a small binder 
which picked up the taller varieties from 
the ground after they lodged. "A farmer 
would not have been able to pick up that 
lodged rye. The new variety has never 
lodged in our tria ls since we've been 
testing it, " Reeves said. 
"Based on the last 2 years we're not 
discouraged by its yield record compared 
to the tall varieties. Compared with 21 
other varieties in 1983 it ranked at the 
bottom. but we had a thin stand and we 
used old seed." Reeves said. 
X73-19 is about two thirds the height of 
standard varieties, averaging 35 inches in 
1983. Rymin. the most common variety 
planted in the state. averaged 56 inches. 
9 
170 selections went to the field in the fall 
of 1982. They were in a yield test in 1983. 
"This year we took the better entries, & 
those 170 selections similar in • 
appearance, and put them in larger plots 
to give us a better seed supply faster . 
We're not bulking it. because we 're 
kicking out the poor material each year. 
"We yield tested in 1983 like we did in 
1982. There were 22 varieties in our 1983 
rye yield test. plus we had a block with 
170 entries compared against each other." 
With good growing conditions, normal ryes reach to Dale Reeves' 
shoulder , and he 's no short man . Little X73-19 grows less than 3 feet. It 
has not lodged in any trials . By the time Reeves is done, yield will be up 
to that of present-day varieties . 
Reeves said he started breeding a semi-
dwarf because farmers say lodging is 
often a problem with rye. especially in 
wet years on fertile soils. and rye straw' 
isn't particularly useful for anything. 
The new cross has no name. only a 
number. X73-19. That number means it is 
cross Number 19 made in 1973. 
Most other standard varieties would be 
a bout the same height as Rymin. 
Before the new semi-dwarf can be 
released as a variety it has to go through 
yield testing. purification. and increase, 
Reeves said. Then it must be approved by 
the Department of Plant Science and the 
Experiment Station at SDSU. 
In 1983 Reeves conducted a small 
increase of the same material that went 
back to 100 different selections. 
" In 1982 we pulled out 250 single 
plants that were short. nice looking plants 
with many tillers and nice heads on them. 
Then some of them were discarded 
because of poor seed quality-those with 
small seed or very dark brown seed. Then 
South Dakota ranks first in the count ry 
for rye production with 135.000 acres in 
1981 and 150.000 acres in 1982. 
South Dakota rye is used as grain for ~ 
livestock feed. whiskey. rye flour. or seed.D W 
The writer is Jerry Leslie. information specialist in the Ag 
Communications Office. 
Research notes 
South Dakota benefits from 
coop research 
More accurate swine nutrition 
recommendations have been 
obtained when all of the north-
central states cooperate together 
and pool their results. 
One such study established that 
main feed ingredients from 
several states did not differ 
significantly in nutrient levels. 
And you hear little about 
Unidentified Growth Factors 
(UGF) anymore as a result of 
cooperative researeh on 
dehydrated alfalfa meal. corn 
distillers dried grain with 
10 
solubles. and dried whey-all once 
suspected to contain UGF factors. 
Cooperative research showed that 
these ingredients contained no 
such factor. 
In other projects, supplemental 
vitamin E was shown to be of no 
value in swine diets. High levels 
of copper (125,187, and 250 ppm) 
improved gains during the first 8 
weeks but were not significant 
when considered over the entire 
growing-finishing period. 
Choline was of no benefit for 
young pigs, but when sows were 
fed a supplement containing 700 
grams per ton there was an 
improvement in the number of 
pigs per litter and the number of 
pigs that survived. 
Cooperative studies of protein 
levels during gestation and 
lactation showed that when levels 
are low during gestation a much 
higher level of protein will be 
needed during lactation. 
And studies of the amino acid 
lysil'le. an important ingredient of 
swine diets. resulted in 
standardized NCR 
recommendations that vary with 
the weight of the pig. 
SD researcher involved: 
Richard Wahlstrom. professor, 
Department of Animal and Range A 
Sciences. W' 
, 
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The future of beef at stake 
Just 10¢ a pound more for chuck 
means $28 million to South Dakota 
Beef. the most preferred meat on 
American tables. is eaten in more than 
90% of all homes. It is also the most 
frequently chosen entree in the away-
from-home market. 
However. a core problem exists within 
the beef industry; many cattlemen still 
cannot consistently make a prof it 
producing beef. Obviously, producers will 
have to do two things as individuals and _ 
as an industry: 1) improve and promote 
their beef product to get more money 
for it and 2) improve the efficiency with 
which they produce, process, and market 
cattle and beef. 
With that background, the beef 
industry is looking to the future-both for 
the sake of the consumer and for the 
producer. 
The National Cattlemen's Association's 
(NGA) Research and Education Committee 
is working actively in support of 
electronic carcass evaluation, boxed beef. 
hot boning, portion control. pre-cooking, 
convenience packaging, and new 
products. 
With increased acceptance as the long-
term concern, the NGA and its affiliates 
have encouraged scientific research 
which will lead to new beef products. 
including "restructured" (or chunked and 
formed) beef products . 
The competition for your meat 
dollar is expected to intensify 
For the past 20 years. per capita 
consumption of animal protein foods has 
held steady at the 430-lb level. Research 
studies indicate that there will not be 
much change from that mark in the 
future. However. there is a change in the 
amount of the various animal proteins 
consumed within that 430-lb range. 
Of the retail dollars spent for red meat 
and poultry, more than half go for beef. 
In fact. people are still willing to spend 
56% of their total red meat and poultry 
dollars for beef. 
Beef had continous growth until 1976 
when it took a 2-year dip before leveling. 
Pork consumption has been on a fairly 
level trend overall, with swings of 10 lb 
up and down. Poultry consumption grew 
rapidly before leveling off 4 years ago; 
11 
Bill Costello , associate professor in the Department of Animal and Range 
Sciences, has been one of the scientists coordinating the flaked meats 
project with students in food sciences for cooking and taste tests. 
12 
fish and cheese use is up. while eggs and 
fluid milk have dropped. 
Since 1976. the re has been a n 18% 
drop in per capita beef supply. The 
infla tion-adjusted price of reta il Choice 
over tha t same pe riod has not gone up. 
meaning tha t demand has declined . For a 
long time consumers had been spending 
a bout 2.5 % of their disposable income for 
beef. Tha t sha re today is 2.1 % . 
Any future industry growth in beef's 
sha r e of the market will depend on gains 
in consumers' real income, popula t ion 
growth. r ising exports. new beef 
products. lower prices r ela tive to those of 
competing meat. a nd tha t elusive but vita l 
fa ctor. "acceptance of the product." 
Consequently. competition among the 
d ifferent meats will intensify . Beef. pork. 
a nd poultry will have to scrap to hold 
onto or increase their sha re of the 
ma rket. 
Recent USDA r esearch confirms wha t 
r eta il meat business people ha ve believed 
for years: economic factors a re more 
important in determining demand for beef 
a nd other meat than diet and health 
issues. 
Restructured meats have been taken to Washington , DC, for sampling by 
members of Congress , the diplomatic corps, and White House staff . 
The price a ffec ts the consumer 's choice 
of meat more tha n any othe r fac tor. a nd • 
beef is the chief bene ficia ry of r is ing • 
incomes. As incomes go up, Americans 
ea t more beef a t home a nd less poultry 
and pork. 
Recent compa ra ble re ta il prices per 
pound were $2.50 for beef. $1.60 for 
pork, a nd 75 cents for chicken . Last yea r 
56% of the r eta il dolla r went fo r beef. as 
compa red to 31 % for pork and 13% for 
poultry. These pe rcentages have va ried 
less than 2% in the las t 10 yea rs . It 
suggests a rather sta ble prefer ence 
pa tte rn. periodically modified by prices. 
supplies. and othe r influences. 
The key to ma inta ining or increasing 
future growth in beef sales is improved 
consumer accepta nce of the product. 
· Tha t means development of new a nd 
improved products , produc tion of beef 
with more lean meat and less was te fat. 
a nd stepped-up r esearch. education. 
public rela tions. and promotion progra ms. 
The beef industry believes that 
r estructured beef has the potential to 
ma intain or even broaden the market for 
beef. They foresee a new ma rket-people -
., 
who previously ale little stea k or roas t 
eithe r beca use of its cost or its fat 
content. With that emphasis. res truc tured 
beef ha s assumed new importa nce . 
SDSU has become a leader 
in restructuring research 
Res truc turing technology uses meat 
from less va luable par ts of the steer and 
forms it into steak- and roast-shaped 
products . Although the concept of 
r es tructu ring meat into steak-l ike 
produc ts was introduced in the ea rly 
1970s. SDSU animal and food science 
resea rchers began in earnest in 1978. 
Presently leading the study is Kevin Jones. 
ass is ta nt pro fessor in the Anima l and 
Ra nge Sciences Depa r tment. 
. There a re two processes fo r 
r es tructuring mea t: one is ca lled fla ked 
a nd for med, the other chunked a nd 
formed. La rger, leane r pa r ticles of mea t 
a re used to make chunked and form ed 
products. 
Res tructured meats a re ma de by 
blending the fla kes or chunks of froz en 
beef wi th a sma ll a mount of sa lt. The sa lt 
enhances the mea t's na tura l binding 
prote in to ma ke the pa rticles stick 
together. A hydraulic press is used to 
form the mixture so it resembles a steak, 
roas t. or other mea t product. 
Restruc tured mea t has been u tilized by 
the fast food indus try for years, with 
such exa mples as the McChicken and 
McRib sandwiches by McDonalds . 
The r estructu r ing process has definite 
a dvantages: weight, shape and por tion 
control preferred by the hotel. restau ra nt 
a nd institu tiona l trade: a lower fa t 
content; rela tively low cost: a product of 
intermedia te value for consumers with a 
qua lity be tween ground beef and T-bone 
s teak: a nd a higher eating qua li ty of 
lower va lued meat cuts . 
Other potentia l advantages ca n include 
an increased price tha t farmers would 
receive for the chea per cuts of beef and 
incr eased consumption of the ta sty chuck 
cut which is usually used as hamburger. 
Res tructured meat is leaner than 
ground beef or chuck roasts and less 
expensive than the high-qua lity cuts such 
" Qu ickserve" food chains have been using restructured meats tor some 
years. The main advantage is uniformity of product . In the retail market , 
the extra advantages are tenderness and palatability of what are now less 
attractive cuts of meat .· 
a s the T-bone. But, so fa r , the meat must 
be pre-cooked or frozen to ma inta in its 
s hape. 
Restructur ing technology is currently 
be ing successfully implemented for bee f, 
pork, la mb, turkey, chicken, and fish. 
Commercia l production of r es tructured 
meats in the U.S. in 1981 was estima ted 
a t 200 million pounds and the volume is 
expected to increase at a subs tantia l rate 
over the nex t 10-20 years. The current 
est ima te fo r 1983 is 500 million pounds of 
r estructured mea t products, most of 
which is poultry. 
Payback in South Dakota could be 
$28 million a year to producers 
The beef industry has been slow to 
enter the ma rket beca use a way to 
mechanically remove connective 
tiss ue-the part tha t makes meat 
gris tly-has not been perfected. 
SDSU researchers a re a pproaching the 
restruc turing challenge from the 
sta ndpoint of the economical qua lity of 
the chuck roast. The cut, with less value 
to both the consumer and producer, 
p rovides a low-cost new ma teria l source. 
Other r esearchers a t the Univers ity of 
Nebraska and Auburn University in 
Alaba ma a re us ing round s teak or round 
mixed with chuck. 
"The round steak a lready has a 
somewhat high value and faces fewer 
merchandising problems compared to tha t 
of chuck. We want to rea ch more 
13 
consumers with a meat product at a 
lower price by utilizing the chuck," Jones 
says. "Naturally. a product made from 
the round will cost more because of the 
initial value of the cut." . 
The eating quality of lower valued meat 
cuts. such as the chuck, can be 
dramatically improved through the 
restructuring process. he says . 
SDSU Nutrition and Food Science 
Department lab assistant and food 
science major Paula Wilson has 
conducted four taste panels to determine 
consumer acceptance of restructured 
steaks prepared four ways: microwaved 
with browning. microwaved without 
browning, broiled in a convection oven 
without browning. and broiled in a 
convection oven with browning. The panel 
members based their final judgment on 
flavor. tenderness. juiciness. and overall 
a ccepta bili ty. 
The end result was the ranking of 
convection-broiled with browning as the 
' 
Research notes 
most desirable; convection-broiled without 
browning placed a close second; 
microwaved with browning was third; 
and microwaved without browning was 
least acceptable. 
Producing an economical steak made of 
lean beef that is more tender and 
palatable than many traditional cuts of 
the carcass is a goal worthy of additional 
study and consumer interest, researchers 
and producers agree. 
"If the finished product increased the 
value of the chuck by 10 cents a pound. 
South Dakota beef producers could 
receive an additional $28 million a year. 
A price increase is especially important· 
for producers because. during the past 5 
years, consumption of chuck roast and 
hamburger has declined. lowering the 
· value of this cut," Jones stresses. D 
The author is Deanna V. Boone, 4-H/youth and family 
living editor in the Ag Communications Office. 
Water and herbicide 
are still the best 
carrier controlled only 20-40%. milking ability of the Simmental 
cross. a lower stocking rate is 
required than for the other two 
groups. 
Reports that herbicide rates 
could be reduced by 50% or 
more by using a controlled 
droplet applicator (CDA) or by 
using soybean oil as carrier 
prompted a study at the 
Southeast Experiment Farm at 
Beresford in 1983. 
Tests showed that the amount 
of herbicide needed for weed 
control could not be reduced by 
using soybean oil carrier instead 
of water, nor could it be reduced 
by using CDA equipment. CDA 
involves the use of a rotating 
nozzle that spins out a uniform 
droplet size. 
Water as an herbicide carrier 
controlled from 40-80% of the 
volunteer corn in soybeans; 
soybean oil as an herbicide 
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Researcher: W.E. Arnold. 
professor, Plant Science 
Department. 
Simmental crosses show 
well after 9 years 
After 9 years of comparing 
three breed groups of cattle at 
the Antelope Range Livestock 
Station, research shows that the 
average birth weight for 
Simmental-Here fords (S-H) was 
87.3 lb. for a stra ight Hereford it 
was 78.3 lb. and for an Angus-
Hereford (A-HJ it was 75.5 lb. 
Average weight at weaning 
time for an S-H was 515 lb. for 
an A-H it was 460 lb. and for a 
straightbred Hereford calf it was 
449 lb. 
Because of the larger size and 
When an annual net return 
equation was applied to each 
breed group using the 9-yr 
performance averages, 95 S-H 
cross cows had a $2,413 
advantage over 100 A-H cows 
and a $6.097 advantage over 99 
straight Hereford cows in net 
return at weaning. 
Among the three groups there 
were no differences in the 
percentages of calving, calving 
difficulty, and weaning 
percentage. 
Researchers: Mike Monfore. , 
graduate assistant; Chris Dinkel. 
project leader and professor, 
both in the Department of 
Animal and Range Sciences; and 
Ralph Trevillyan, substation • . 
superintendent. ~ 
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Forces of change 
Six things have changed ag; 
will you be the seventh? 
The entire 50,000-year history of 
mankind could be represented by about 
800 lifetimes of 62 years each. For the 
first 650 lifetimes. man lived in caves. He 
has been able to write for the past 70 
lifetimes. He has been able to keep track 
of time with some accuracy for the past 
four lifetimes. 
Only during the past two lifetimes has 
anyone anywhere ever used an electric 
motor. 
The 800th lifetime would have begun in 
15 
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1921 and would now be drawing to a 
close. If we had lived it. here's part of 
what we'd have seen: 
When we were born the farm truck 
and tractor were just beginning to 
appear. and the average South Dakota 
farmer was handling about 400 acres per 
year. Now, when we are .62 years old. he 
handles more than 1100 acres. 
During our lifetime. hundreds of miles 
of railroad have been abandoned. We 
saw the beginnings of rural telephone and 
rural electrification. the introduction of 
hybrid seed corn. and the birth of many 
new farm organizations and farm 
programs. We saw bonanza small-grain 
harvests, and we saw drought so severe 
that it led to the federal government 
destroying nearly a million head of our 
cattle. 
The depression hit hard in South 
Dakota when we were about 15 years old. 
and it was then that we saw the number 
of South Dakota farms peak at 83,000. By 
the time we were 55 years old. we'd seen 
half of those farm families leave 
agriculture forever. 
It was during our lifetime that 
agriculture. the original basis of 
civilization itself. lost its dominance in the 
world economy to industry. We not only 
saw the number of blue-collar industrial 
workers exceed the number of farmers, 
but. in 1956, we also saw the number of 
white-collar workers surpass all others in 
our nation. 
Change occurs just a little faster each 
day in agriculture and rural America. say 
SDSU economists Larry Janssen and Dr. 
Mark Edelman. who together authored 
the research report, "The Changing 
Structure of South Dakota Agriculture." 
"The more rapid the change, the more 
concerned the people become over the 
future of agriculture as we know it 
today." says Janssen. 
Concerns range widely-the matched 
trends of declining farm numbers and 
increased farm size and concentration of 
control over agricultural production. the 
inability of many young people to enter 
farming. the viability of rural 
communities, the economic organization 
of the food chain. the need for political 
clout for agricultural producers. 
Janssen and Edelman found six major 
forces which. in combination, have 
influenced much of the change that has 
occurred in South Dakota agriculture. 
On the farm, forces have been 
fewer workers, more high-tech 
"Agricultural technology has enabled 
us to make 'two blades of grass grow 
where one grew before,' and this huge 
increase in our ability to produce has 
caused equally large disruptions among · · 
farm families." says Edelman. 
Large numbers of agricultural workers 
are no longer necessary. and they've left 
agriculture. The result is that farm 
families now make up less than 3 % of 
America's population. 
That isn't all bad. 
While increased agricultural 
productivity has caused disruptions in our 
rural population. the surplus agricultural 
labor goes to work producing other goods 
and services, and that has increased our 
overall standard of living. said the 
economist. This same economic t 
development has also enabled the nation 
to improve the health and education of its 
people. and this has made it easier for 
the remaining farm families to adjust to 
changing economic opportunities and to 
control and manage high technology in 
agriculture. 
Another force in our lifetime has been 
high-tech farming. 
High technology in agriculture has 
made it possible to produce more volume 
with fewer resources. said Janssen. 
Because high-tech reduces the cost per 
unit of output and increases the value per 
· unit of input. the process of adopting it 
gives additional profits to the farmer and 
lowers real food costs for the consumer. 
Some technologies. such as fertilizer. 
hybrid seeds, livestock pharmaceuticals. 
and high energy feeds. primarily 
increased production per acre or animal. 
Other technologies. such as four-wheel 
drive tractors. larger combines. and 
automated feeding systems. reduced the 
amount of labor in farming, which made 
it possible to farm more acres or feed -
) 
., 
more livestock per person. As a result. 
U.S. farming has been transformed into 
fewer. more capital intensive and 
specialized farming units. 
Farmers who have been unwilling or 
unable to invest in high-tech farming have 
been faced with declining farm income 
potential as their outdated methods 
became more inefficient. Those who have 
made these continuing investments in high 
technology have tended to buy out such 
farmers. 
Off-farm forces include fiscal 
policies, world-wide markets 
Both population and real income grew 
in America during the past 40 years. and 
so has the overall demand for most farm 
products. With more disposable income. 
purchasers of food have. for example. 
increased their demand for steak and 
chicken. while the demand for potatoes 
and other staples has remained fairly 
constant. Increased use of convenience 
foods. low-fat foods. and fast foods are 
other examples of the changing demands 
for farm products. 
"The point is. the growth in demand 
from rising populations and incomes has 
been somewhat steady until the 1980s. 
and agriculture would have had a much 
more difficult time accommodating the 
impact of high technology with more 
people with more money," said Janssen. 
And world markets have opened up in 
this last lifetime. 
The volatility of demand resulting from 
worldwide economic instability and U.S. 
government policies favoring international 
trade has been a key factor in the past 
15-20 years in re-shaping agriculture. 
Export marketing has led to an overall 
increase in demand for U.S. farm 
products until the 1980s. but it also has 
promoted a wider variation in farm 
prices and incomes and greater regional 
specialization in the production of food 
grains and feed grains. Today. almost one 
of every three bushels of grain is 
exported. 
A fifth factor which has helped shape 
the face of agriculture is the federal 
government. with its food policies. farm 
commodity programs. farm credit. and 
taxation. 
Federal commodity programs are 
designed to alter production and reduce 
extreme price fluctuations in agriculture. 
Federal tax rules related to capital gains. 
accelerated depreciation. investment 
credit. and other rules likewise affect the 
economic environment of farming. said 
Janssen. 
Federally influenced monetary and 
fiscal policies are a category in 
themselves. said Edelman. These affect 
farming ,by changing the level of prices. 
the cost of credit. and the demand for 
land and other assets. 
Inflationary policies increase returns 
for capital appreciation relative to 
current income. Conversely. many farm 
borrowers become vulnerable to policies 
which limit future inflation when they 
expand their current debts to take 
advantage of cheap credit and potential 
capital appreciation. 
For example. increased availability of 
credit at favorable rates by banks. the 
farm credit system. and other lending 
institutions were developed in large part 
through the influence of the federal 
government. These contributed to farm 
expansion until interest rates rose in 
1980. These same economic factors 
created inflation for 20 years. 
Since 1980. higher interest rates and 
lower inflation also have been influenced 
by federal policies. and they have slowed 
farm expansion and. in some areas. have 
caused land values to decline. 
All these forces have affected 
South Dakota agriculture 
All these factors interact with each 
other to influence trends in South Dakota 
agriculture, said Edelman. 
"What we call family farms has 
changed dramatically over the years. The 
traditional family farm has been viewed 
as small, independent, diversified, self-
sufficient, and family operated-and it 
produced most of the family's needs." 
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In one lifetime that kind of family farm 
has nearly disappeared. 
"The traditional family farm has been 
replaced by modern commercial family 
farms that now produce most of our food. 
They are anything but self-sufficient, 
diversified, or independent. Most of our 
modern, commercial farmers do not now 
own all of the land that they farm. 
"Financially, they have relied more 
heavily on borrowed funds, and they have 
substantial debt-servicing requirements. 
They rely on international markets that 
are subject to shifts in U.S. foreign policy, 
world weather conditions, and the import 
policies of foreign nations. They are 
specialized and capital intensive, and 
they operate on narrow profit margins. 
"Farming now has become big 
business, in addition to a way of life," he 
said. 
The average size farm in South Dakota 
now requires more than a half-million 
dollars in assets, Janssen added. 
"Farming has become increasingly 
difficult to enter unless one inherits a 
farm or is able to work within and 
gradually assume management of a 
continuing family operation. Increased 
instances of incorporation of family farms 
reflects the effort to keep farm units 
within the family from one generation· to 
the next. 
"Farm income now is characterized by 
increased instability, with a few very 
good years preceded and followed by 
several poor years in a row. Initial 
success in farming may simply be related 
to timing instead of talent alone. It all 
depends on the year one decides to give 
farming a try. 
"Farm changes indicate that 
concentration and specialization of 
production and marketing is continuing 
and increasing. Economic pressures for 
greater coordination between producers, 
handlers, processors, wholesalers, and 
retailers will no doubt increase in the 
future if present trends continue. 
"The future control of key production 
decisions likely may be vested in those 
who control farm markets and finances," 
said Edelman, "but several market 
structure options exist, and public 
policies influencing agriculture will be 
important in the outcome." 
Ask any small-town resident: 
they have been affected, too 
Rural communities also have been 
changed by all this, said Edelman, and 
many now are faced with declining main-
street businesses and increased costs of 
providing public services as their 
customer population shrinks and as farm 
income becomes more variable. 
"Rural communities are faced with 
four basic options." said Edelman. "They 
can simply decline economically as their 
population base declines. They can 
attract a larger proportion of local 
residents to trade locally to capture an· , 
increased share of their spending. They 
can expand their trade area by providing 
services to surrounding communities to 
. offset declining farm numbers. And, they 
can develop manufacturing or other 
production sectors which do not depend 
upon the number of area farmers. 
"The latter three options require 
investment of time and money, so the 
solution selected will vary depending on 
the resources, opportunities, leadership, 
and values of the community.'' 
These are but a few of the key 
implications of changing structural trends .illi 
in South Dakota agriculture, say the ._j 
economists. "The implications suggest a 
more sophisticated and technical farm 
family unit than in the past and one that 
is more vulnerable to changing conditions 
in markets and finance.'' 
The structural trends are likely to lead 
to further changes in marketing and the 
politics of farm and food policy, they 
agreed. In turn, rural communities will be 
faced with many adjustment pressures. 
Both agreed that the future of 
agriculture, family farms, and rural 
communities will be shaped by the people 
who become involved and not by sideline 
observers. Improvement of management 
skills, investment decisions, community 
leadership, and the influence South 
Dakotans bring to bear on the direction of 
public policies' 'will affect the forces 
which, in turn, affect all of us. 
Last year, in 1983, the 801st lifetime of 
man began. In 62 years, what will 
happen? How much direction will we give 
to the forces that will change our lives in 
those 62 years? D 
The writer is Lorry Tennyson, information specialist in the 
Ag Commwiicotions Office. 
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C .E. Stymiest, MS, assistant professor 
G.R. Sutter, PhD, professor and director, 
Northern Grain Insects Lab, USDA-C 
D.D. Walgenbach, PhD, professor 
R.J. Walstrom, PhD, professor 
J.B. Weber, MS, manager, Foundation 
Seed Stock 
K.K. Weischedel, MS, assistant in 
D.G. Wells, PhD, professor 
D.M. White, PhD, professor 
Z.W. Wicks, PhD , assistant professor 
M.A. Wrucke, BS, assistant in 
R.L. Wynia, BS, assistant in 
M .D. Yahnke, BS, assistant in 
Rural Sociology 
J .L. Satterlee, PhD, professor and head 
R. M. Dim it, PhD, professor 
J .L. Faltmier, ABO, associate professor 
D .J . Hess, PhD, associate professor 
M.P. Riley, PhD, professor 
R .T. Wagner, PhD , professor 
Station Biochemistry 
D.C . Hildebrand , PhD, associate professor 
and head 
R.J. Emerick, PhD, professor 
H. Ghisai , PhD , professor 
P.L. Guss, USDA-C, associate professor 
A.W. Halverson , PhD , professor 
A.A. Heer, BS, assistant in 
D. P. Matthees, PhD , assistant professor 
L.C. Novotny, BS , assistant in 
C.G. Paech , PhD , assistant professor 
I.S. Palmer, PhD, professor 
D.M. Simon , BS , assistant in 
N.J. Thiex, MS, assistant professor 
E.I. Whitehead, MS , professor (R/83) 
22 
Veterinary Science 
M.W. Vorhies , DVM, MS, professor and 
head 
J.H . Bailey, DVM, associate professor 
D.A. Benfield, PhD, assistant professor 
M .E. Bergeland, PhD, DVM, professor 
J. Collins, DVM, assistant professor 
D. F. Francis, PhD, assistant professor 
J.F. Fredrickson, BS, livestock vet 
C.E. Gates, BS, assistant in 
D.D. Johnson , PhD, DVM, associate 
professor 
C.A. Kirkbride, DVM, associate professor 
P. Leslie-Steen, MS, instructor 
M .C. Libal, DVM, MS, instructor 
J.P. McAdaragh, MS, associate professor 
E. Morris, assistant in 
J. Nelson, MS, DVM , associate 
professor 
S. Ottenbacher, BS, assistant in 
M.H. Roller, PhD, DVM, professor 
J.J. Shave, MS, assistant professor 
I.J . Stotz, MS, instructor 
R.N. Swanson , PhD, DVM, professor 
J. Tichota, BS, assistant in 
Wild life and Fisheries 
C.G. Scalet, PhD, associate professor and 
head 
R.L. Applegate, PhD, USDI-C, associate 
professor 
A.J. Bjustad, PhD, USDA-C, professor 
L.D. Flake, PhD, professor 
R.L. Linder, PhD, USDA-C, professor 
T.R. McCabe, assistant professor 
T .C. Modde, PhD, assistant professor 
( R: retirement) 
Projects 
Agricultural Communications 
950 Agricultural communications and 
publications ; Pates 
Agricultural Engineering 
062 Irrigation scheduling for efficient 
water and energy use ; 
DeBoer, Lytle, Evenson 
090 Non-anhydrous enthanol in internal 
combustion engines ; 
Chisholm, Christianson 
219 Soil and water management for low 
pressure irrigation ; DeBoer, Chu 
302 Evaluation of normal and reduced 
tillage equipment; Alcock, Stange 
312 Irrigation requirements for South 
Dakota ; DeBoer, Chu , Stange 
322 Vertical axis Darrieus rotor for ag 
applications; Julson, Lytle 
565 The climatic resources of the North 
Central Region ; Lytle 
601 Irrigation tubes design; Chu , DeBoer 
701 Energy demand and equipment design 
requirements for farmstead tasks ; 
Christianson, Hellickson 
801 Solar energy utilization tor agriculture ; 
Hellickson, Christianson 
901 Climate and agricultural production; 
Lytle, Chu 
962 Ag engineering administration; 
Hellickson 
977 Ag engineering farm ; Hellickson 
Animal and Range Science 
012 Rumen fermentation and performance 
of cattle and sheep ; Luther, Embry 
043 Range and tame pasture production 
practices in western South Dakota ; 
Johnson , Stymiest , . 
050 Enhanced reproductive efficiency in 
livestock by reducing embryonic 
mortalities; Granholm 
051 Preparation, treating and combining of 
plant residues for ruminant feeds ; 
Kamstra , Luther 
068 Causes of fatty liver-hemorrhagic 
syndrome (FLHS) ; 
Nelson , Carlson, Emerick 
079 Technology of meat processing and 
preservation , consumer acceptance, 
and functionality of meat; Costello 
111 Effect of processing , preservation , 
and storage of feedstuffs on utilization 
by beef cattle and sheep; 
Luther, Embry, Kamstra 
142 Importance of firm pellets in animal .St 
performance; Carlson, Luther, Wfi 
Romans 
161 Availability of amino acids in 
feedstuffs for laying hens ; Carlson 
167 Improvement of beef cattle through 
breeding ; Dinkel 
171 Application of meat technology to cow 
and bullock beef; Costello 
179 Reproductive efficiency of livestock ; 
Slyter 
189 Treatments to increase productivity of 
South Dakota rangelands ; Gartner 
199 Application of operations research 
methods of livestock enterprises in 
South Dakota; Dinkel 
201 Range management practices to 
provide sustained optimum production 
of eastern South Dakota rangeland ; 
Engle 
211 Feed additives in poultry production ; 
Carlson 
221 Increased efficiency of lamb 
,P.roduction ; Slyter 
239 Grazing plans for optimum livestock 
proctuction ; Lewis 
249 Protein efficiency by cattle and sheep; 
Embry, Luther, Kamstra 
332 Improving pig performance through 
amino acid nutrition; Wahlstrom, Libal 
392 Decreasing feed costs through forage 
to grain ratio manipulation ; A 
Bruce, Miller, Gee W 
t 
t 
402 Utilization of oat forage by cattle; 
Embry , Luther 
430 Nutrient interrelationships affecting 
performance and body composition of 
swine ; Wahlstrom, Libal 
630 Function, nutritive composition , 
quality, stability and efficient 
production of poultry products ; 
Carlson 
640 Improving reproductive efficiency for 
commercial beef production ; Miller 
911 Mineral requirements and nutrient 
interrelationships of sows; 
Wahlstrom, Libal 
951 Antelope Range; Trevillyan 
952 Cottonwood ; Romans 
961 Animal science administration; 
Romans 
981 Central feed unit; Romans 
Biology 
091 Control of parasitism in dairy cattle ; 
Hugghins, Clark , Owens 
101 Changes in the shoot apex of soybean 
during the shift from vegetative to 
flowering ; Myers , Dybing 
242 Tissue and cell culture techniques in 
breeding monocotyledonous species; 
Chen, Boe 
320 Native plant utilization: biological 
control; Holden 
362 Cytology of organogenesis and 
embryogenesis in tissue cultures of 
monocotyledonous species; 
McMullen , Chen 
Dairy Science 
121 Improving cultured milk product and 
milk component utilization; 
Spurgeon , Seas 
141 Quality , safety, and consumer 
acceptance of dairy foods ; 
Baer, Torrey 
262 Improving dairy cattle through 
breeding with special emphasis on 
selection ; Voelker, Ludens 
382 Optimizing the nutritional utilization of 
forages by dairy cattle ; Clark 
432 Redirecting the nutrient flow in cows 
for maximum milk production ; 
Schingoethe, Clark 
442 Improving dairy herd management 
practices ; Clark 
492 Preservation and feeding value of high 
moisture corn for dairy cattle ; Voelker 
5 70 Analysis of dairy products ; Parsons 
580 Whey utilization by dairy cattle ; 
Schingoethe , Voelker , Clark 
Economics 
060 Economics feasibility and impacts of 
producing fuel-grade alcohol from 
biomass ; Dobbs 
112 Selected tax options for ag and non-
ag taxpayers in South Dakota 
communities ; Edelman 
132 Effect of changes in transportation ; 
Lamberton 
152 Economic analyses of the farm real 
estate market in South Dakota ; 
Janssen 
172 An economic analysis of reduced 
tillage practice; Allen 
192 Economic analysis of farm machinery 
investment decisions; Allen , Janssen 
202 Analysis of impacts of domestic water 
development in South Dakota 
agricultural economy ; Lundeen 
252 Profit analysis of alternative cull beef 
cow marketing strategies; Shane , 
Ellingson 
370 Producer marketing strategies where 
transportation distorts normal pricing; 
Sogn 
500 Economic structure and conduct in 
South Dakota 's beef industry; Shane , 
Janssen · 
590 Impact of rising energy costs on 
developing and utilizing South 
Dakota's irrigation resources; Taylor 
963 Economics administration; 
Thompson 
Home Economics 
049 Burn injury study : clothing-related 
and interior product-related burn 
victims ; Hurlocker, Sivers 
301 Dietary influence on lipogenesis and 
membrane structure; Johnson 
501 Dietary protein and vitamin A 
interraction ; Johnson 
967 Home Economics administration ; 
Gilbert 
H orticultu re-Fore·stry 
389 Fruit cultivars and improved fruit 
cultural practices for South Dakota ; 
Peterson 
399 Increasing vegetable yields in South 
Dakota through evaluation , breeding 
and cultural methods; Prashar 
400 Guidelines for increased residential 
energy efficiency and human comfort ; 
Johnson 
412 Production and evaluation of new pot 
plant species ; Spinski 
420 Superior coniferous and deciduous 
trees and shrubs for South Dakota ; 
Helwig _ 
779 Introduction , multiplication , 
preservation , cataloguing and 
utilization of plant germplasm; 
Peterson 
941 Physiological characteristics of 
conifers suitable for environmental 
plantings in South Dakota; Baer 
965 Horticulture-Forestry administration; 
Nordstrom 
Microbiology 
011 Modification of the immune response 
due to pentachlorophenol exposure; 
Hillam 
092 Nitrogen fixation in the root zone of 
selected wheats and other grasses; 
Pengra 
102 Glucose from cellulose for community-
scale fuel alcohol production; Gauger 
·350 Fuel alcohol production by an 
operating farm scale plant: a cost and 
energy study; Westby, Chisholm, 
Dobbs 
885 Production of alcohol fuels from 
lignocellulosic crop residues and 
cereal starches; Westby, Pengra 
Plant Science 
003 Weed control of conservation tillage 
systems ; Arnold 
019 Pest management strategies for 
leafhoppers , spittlebugs , and aphids 
on alfalfa 
022 Role of temperature in cereal genome 
structure and expression ; 
Kenefick , Whitehead , Evenson . 
023 Evaluation of germination procedures 
for crop and forage species ; Schultz 
032 Soil fertility management as 
influenced by tillage systems in 
eastern South Dakota; 
Fixen , Gelderman 
033 Soil physical constraints on root 
system activity ; Schumacker 
041 Disease potential of foliar pathogens 
of sunflowers in South Dakota; Carson 
042 Breeding and evaluation of forage 
grasses for South Dakota ; Boe 
052 Effect of conservation practices upon 
soil and groundwater chemistry ; 
Carlson 
053 Continuing participation in the 
National Agricultural Pesticide Impact 
Assessment Program; Walgenbach 
061 Corn breeding ; Wicks 
063 Increasing returns from water-re lated 
energy inputs in irrigation agriculture; 
Beck 
070 Genetics of corn : emphasis on 
enzyme polymorphisms ; 
Horton , Kahler 
071 Improving water utilization efficiency 
in South Dakota ; 
Kohl , DeBoer, Evenson 
078 Alternative dryland cropping practices 
in western South Dakota; Stymiest 
23 
138 Soil anthropods of the northern prairie 
grasslands; McDaniel . 
151 Soil productivity, soil interpretations , 
and land use relationships on South 
Dakota landscapes; Malo 
162 Relating soil wetness to selected soil 
and landscape features and to land 
use decisions; Lemme 
181 Soybean diseases in South Dakota ; 
Ferguson 
191 Soil and forest influences on 
woodland grazing in the Black Hills; 
Lemme 
272 Seed production of breeding lines of 
insect-pollinating legumes; Boe . 
279 Art,hropod management and economic 
losses of insects on livestock; Easton 
282 Reduction of corn losses caused by_ 
nematodes in the North Central Region ; 
Smolik 
292 Analysis of production systems and 
1PM research needs in the North 
Central Region ; Arnold 
309 Integrated approaches to management 
of diseases caused by soil-borne plant 
pathogens on field crops; Buchaneau , 
Smolik 
340 Face fly sampling and trapping 
methodology for integrated control 
programs . 
342 Temperature and water stress in 
South Dakota crop production; 
Kenefick, Matthees 
349 Improvement of winter wheat; Wells 
352 Biology and control of insects and . 
diseases affecting sunflowers; Smolik 
359 Ecology and control of western and 
northern corn rootworms in South 
Dakota; Walgenbach 
401 Foundation Seed Stock; Weber 
402 Seed certification; Pollmann 
403 Seed testing; Lunden 
404 Crop performance testing ; Bonnemann 
406 Survey entomologist; Walge_nbach 
419 Control of perennial weeds in South 
Dakota; Arnold, Gylling 
460 Spring wheat breeding; Cholick 
470 Breeding and genetics of flax and 
sunflowers; Lay 
480 Virus disease epidemiology and 
control in a wheat-corn-fallow 
rotation- Gardner 
482 Physiol~gical regulation of individual 
components of seed yield; 
Dy bing, Lay, Grady 
490 Conservation tillage systems; Shubeck 
502 Chemistry of atmospheric deposition: 
effects of agriculture, forestry , 
surface waters and materials; Gardner 
510 Fate of nutrients in the environment 
as affected by soil and crop 
management; White 
530 Forage management systems for cow-
calf production in the northern great 
plains; Embry 
540 Crop water requirements and water 
management under irrigation; Evenson 
24 
897Determination and amelioration of soil 
factors limiting production from native 
· and introduced forage plants; White 
954 Plant and soil science, Highmore ; 
Kingsley 
960 Plant Science administration; Horton 
970 Northeast Research Farm; Kingsley 
971 Research Field Station, Rapid City; 
Geise 
979 Plant Science Farm; Horton 
982 Greenhouse-seedhouse maintenance; 
Horton 
991 Oats and rye adapted to South 
Dakota; Reeves 
Rural Sociology 
212 Socio-economic characteristics of 
South Dakota population ; Satterlee 
620 Rural youth in South Dakota; their 
future and plans; Hess . 
730 Population redistribution in the non-
metropolitan areas of the North 
Central Region; Riley 
921 Socioeconomic factors affecting the 
adoption of soil conservation practices 
in South Dakota; Dimit 
931 Rural crime: conceptions of self and 
delinquincy proneness among rural 
youth ; Mendelsohn, Faltemier 
966 Rural Sociology administration; 
Satterlee 
Station Biochemistry 
022 Role of temperature in cereal genome 
structure and expression ; 
Kenefick, Whitehead, Evenson 
131 Structure and function of ribulose-1 ,5 
-bi sphosphate carboxylase/ oxygenase; 
Paech 
299 Mineral nutrition and metabolism in 
animals ; Emerick , Embry, Carlson 
339 Biochemistry of selenium; 
Palmer, Olson , Halverson 
401 Oats and barley utilization for 
livestock; Halverson 
407 Analytical services ; Thiex 
422 Cellular photosynthetic proces~es and 
the regulation of photosynthesis ; 
Paech 
440 Analysis of mycotoxins and selected 
pesticides; Mat~hees . · 
452 Kinetics of in vivo operation of 
ribulose-1 , 5-bisphosphate-carboxylase 
-oxygenase; Paech_ . 
520 Modeling the physical chemistry of 
soil-water-solute systems ; Rue 
968 Station Biochemistry administration; 
Hilderbrand 
Veterinary Science 
021 Antibiotic resistance as mediated by R 
factors in food animal bacteria; Libal 
031 Porcine rotovirus serologic 
classifications; Benfield, McAdaragh 
122 Enteric diseases of swine; 
Bergeland Benfield , Francis 
222 Compounds affecting expression of 
K99 adherence pili on E coli 
232 Pathogenesis of mixed rotavirus E coli 
in gnotobiotic pigs ; 
Benfield, Bergeland , Francis . 
380 Reproductive performance in domestic 
ruminants; Kirkbride, Johnson 
462 Diagnostic use of enzyme-linked . 
immunosorbent assay for leptospiral 
antigens ; Kirkbride 
472 R plasmid-mediated antimicrobic 
resistance among bovine pasteurella 
isolates; Libal 
560 Animal intoxicants caused by 
imbalances of food-chain elements 
and environmental disturbances; 
Roller, Swanson , Shave 
Wildlife and Fisheries 
013 Fishery development of South Dakota 
ponds; Scalet, Modde 
072 Use of shelterbelts by pheasants in 
relation to land-use patterns in South 
Dakota; Linder 
300 South Dakota farm and ranch 
fisheries ; Scalet, Modde 
372 Habitat values of hardwood forests 
and adjacent pasture and croplands to 
wild turkeys in South Dakota; Flake 
913 Wildlife research unit; Linder 
914 Fisheries unit; Applegate 
969 Wildlife and Fisheries administration ; 
Scalet 
-
t 
t 
Articles, 
publications 
If you are interested in information on any 
of these articles or publications and cannot 
reach the author listed, contact the 
department under which the reference 
appears . Some of the authors are graduate 
students who have completed their studies 
and left SDSU. The department will be able 
to assist you . Publications not otherwise 
identified are those of the Agricultural 
Experiment Station . 
Ag ricultural Engineering 
Journal articles : 
Alcock , R. 1983. Battery powered vehicles 
for field work. Trans . ASAE 26(1): 10. 
Buck, N .L. , et al. 1983. Electric vehicle 
designs for agricultural applications. 
Trans. ASAE 26(3) :646. 
Christianson, L.L. , and M.A. Hellickson. 
1983. SEI -TES : design and testing for 
air and water heating. Proceedings of 
the Solar-Biomass Cont., 26-28 Apr, 
Atlanta. 
__ , et al . 1983. Solar system for low 
temperature agricultural applications. 
Proceedings of the American Solar 
Energy Society Annual Meeting , 31 
May-3 June, Minneapolis. 
Chu , S.T. 1983. Aquifer constants 
determined by the Theis well function. 
Trans . ASAE 26(1) :165. 
DeBoe r, D .W., et al . 1983. Efficiency 
anaysis of electric irrigation pumping 
plants in the upper midwest, USA. 
Energy in Agriculture (2):51 . 
_ _ and M .A. Otterby. 1983. Yield 
response of irrigated alfalfa on a 
shallow soil. Accepted for pub in 
Agronomy Journal. 
__ , et al. 1983. Trickle and sprinkler 
irrigation of red raspberries . Accepted 
for pub in HortScience. 
Heber, A.J., et al. 1982. SEI-TES: solar 
heating for swine housing . Trans . ASAE 
25(6): 1680. 
Polak, R.H. , et al. 1983. Solar energy 
intensifier-simulation and validation. 
Trans. ASAE 26(2):589. 
Publications : 
Abbott , K., et al. 1982. Darrieus wind 
turbine : construction and testing . ASAE 
82-3541 . 
Alcock, R. 1982. Center pivot 
mechanization-going round in ever 
increasing circles . ASAE NCR82-113. 
_ _ and K. Stange . 1982. A volumetric 
fuel flow measuring system for in-field 
operation of agricultural tractors. ASAE 
NCR82-116. 
Bassett , K., et al. 1983. Field evaluation of 
a solar energy intensifier-thermal 
energy storage system. ASAE 83-4037. 
_ _ . 1983. Field evaluation of a solar 
energy intensifier-thermal energy 
storage system. MS thesis, SDSU . 
Christianson, L.L., et al. 1983 . Effects of 
sow nose cooling on swine 
performance. ASAE 83-4024. 
Chu , S.T. 1983. Design of irrigation by 
trail tubes . ASAE 83-2168. 
DeBoer. D.W., and D.L. Beck . 1982. 
Management of a silt loam soil under 
reduced pressure sprinkler irrigation . 
Ninth Tech . Conf. on I rrig ., Drainage 
and Flood Control. Jackson, Miss. 
__ and __ . 1982. Tillage practice 
to enhance infiltration under sprinkler 
irrigation . ASAE Paper No. 82-2002. 
__ and __ . 1983. Conservation 
tillage on a silt loam soil wi th reduced 
pressure sprinkler irrigation . Dept 
research report . 
__ and __ . 1983. Field 
evaluation of reduced pressure 
sprinklers. ASAE 83-2024. 
Kohl, R.A. , and D.W. DeBoer. 1983. Drop 
size distributions for a low pressure 
spray type agricultural sprinkler. ASAE 
83-2019. 
Papendick , S.E., et al. 1983. Water and 
nitrogen management for irrigated corn 
in Central South Dakota. Submitted to 
SD Academy of Science. 
Shanna. M.O .. and S.T. Chu . 1982. 
Laboratory study of trail -tube irrigation. 
ASAE NCR82-102. 
__ . 1982. Laboratory study of trail -
tube irrigation . MS thesis , SDSU . 
Stange, K., et al. 1982. Portable 
instrumentation package for measuring 
tractor work. ASAE 82-2592. 
Animal and Range Sciences 
Journal articles: 
Anderson, V.L., et al. 1983. Prediction of 
daily digestible nutrient requirements of 
beef cows in northern climates. J Anim 
Sci 56(2) :271. 
Bilger, L.S. , et al. 1983. Ewe performance 
and grazing distribution under high 
performance short duration and 
repeated seasonal grazing systems. 
Proc Soc Range Manage, Abstr 236. 
Brown , M.A., and C.A. Dinkel. 1982. 
Efficiency to slaughter of calves from 
Angus, Charolais and reciprocal cross 
cows. J Anim Sci 55(2):254. 
Deutscher, G. H . , et al. 1982. Copper 
injections and supplementation for 
range beef cows and calves. Proc 
Western Section , Amer Soc Anim Sci 
33 :235. 
Dooley, V. , et al. 1982. A survey 
evaluation of South Dakota beef cattle 
production . J Anim Sci 55(2):224. 
Duimstra, J.R . and N.H . Granholm. 1982. 
Quantitative analysis of pigment 
granules in hair follicles of lethal yellow 
(Ayl a) mice (Strain C57BL/6J). Proc 
SD Acad Sci 61 : 167 (abstr) . 
Durland , P.R ., et al. 1982. Physical .and 
sensory properties of restruct(! red beef 
steaks formulated with various flake 
sizes and mixing times . J Food 
Protection 45:127. 
Embry, L.B ., et al. 1982. Lasalocid or 
monensin supplementation of cattle for 
short periods of finishing. Amer Soc 
Anim Sci Abstr 734:418. 
Engle , D.M ., et al. 1983. Tiller defoliation 
patterns under high performance short 
duration and repeated seasonal grazrng 
systems. Proc Soc Range Manage, 
. Abstr 147. 
Gartner, F.R. 1982. The Frawley ranch: A 
national historic landmark . Rangelands 
4(3):126. 
____ . 1982. Increasing beef 
production from range. Proc Rancher 
Seminar, Rapid City : 1. 
Goehring , T.B., et al. 1982. Effect of 
varying selenium levels on tissue 
composition , blood composition and 
performance of growing swine fed 
seleniferous grains . Amer Soc Anim Sci 
Abstr 382 :272 . 
Goetz, M .J., et al. 1983. Lasalocid 
supplementation for grazing steers. 
Midwestern Section, Amer Soc Anim 
Sci Abstr 52 :98. 
Granholm, N.H. and R.L. Frederick. 1982. 
Ultrastructural analysis of hair-bulb 
pigment granules in lethal yellow 
(C57BL/ 6J-Ay/a) and albino mice. 
Amer Zool 22:899 (Abstr 286). 
Hartman, A. D., et al. 1983. Effect of 
various levels of sunflower seeds on 
carcass characteristics of swine. 
Midwestern Section, Amer Soc Anim 
Sci Abstr 7:79. 
__ , et al. 1983. Effect of various 
levels of sunflower seeds on 
performance characteristics of growing-
finishing swine. Midwestern Section , 
Amer Soc Anim Sci Abstr 31 :89. 
Johnson , R.C., and D.H. Gee. 1982. 
Growth and carcass traits of young 
bulls. Amer Soc Anim Sci Abstr 
306:243. 
Jost, L. K. , et al. 1983. Beef tenderness 
and palatability as influenced by 
chemical measures and quality and 
yield grade factors . J Anim Sci 
56(5) :1077. 
Kashani, A.B. , and C.W. Carlson. 
1982. Sunflower seed as a protein 
source in diet of growing pullets and its 
influence on subsequent egg 
production . Poul Sci 61(7) :1491 
(abstr). 
Kepler, M., et al. 1982. Sunflower seeds 
as a fat source in sow gestation and 
lactation diets . J Anim Sci 55(5): 1082. 
25 
Gartner, F.R. 1982. SRM receives 
Theodore Roosevelt Conservation 
Award . Rangelands 4(6) :270 . 
__ . 1983. Production can be 
improved on claypan soil. Elk Creek 
Conservation District Annual Report :2. 
_ _ and E.M. White . 1983. Historical 
role of fire in the Northern Great Plains 
and its use in management. Bui Ecol 
Soc Amer 64(2) :110 (abstr). 
Goehring , T.B. , et al. 1982. Effect of 
varying dietary selenium levels on 
tissue composition, blood composition 
and performance of growing swine fed 
seleniferous grains . SWINE 82-2 :5. 
__ , et al. 1982. Effect of sodium 
selenite levels on tissue and blood 
composition and performance of 
growing-finishing swine . SWINE 
82-3 :9. 
Hartman , A.D ., et al. 1982. Effects of 
various levels of sunflower seeds on 
growing-finishing swine . SWINE 
82-4 :13. 
Hassibi, M., et al. 1982. The effect of firm 
pellets on turkey performance . 
POULTRY 82-6:14. 
Lewis , J.K. 1983. Use of ecosystem 
classification in range resource 
management pp 265-289. In : A.G. 
Nicholson , A. McLean and T.E. Baker, 
Ed . Grassland Ecology and 
Classification Symp Proc . Victoria, 
British Columbia . 
__ . 1983. Tentative classification of 
grazing systems . Proc Soc Range 
Manage, Abstr 231 and mimeo. 
_ _ , et al. 1982. Comparison of high 
performance short duration and 
repeated seasonal grazing in the 
Northern Mixed Prairie . pp 193-196. 
In : D.D. Briske and M.M. Kothmann . 
Proc National Conference on Grazing 
Manage Tech, College Station , TX . 
Luther, R. M. 1981 . A comparison of oven 
drying toluene distillation methods of 
determining dry matter in silages . Proc 
SD Acad Sci 60:69. 
__ , et al. 1983. Effect of additives on 
ensiled high-moisture ground ear corn 
quality and utilization by lambs . 
Midwestern Section , Amer Soc Anim 
Sci Abstr 56 :99. 
Nothnagel , J.G ., et al. 1983. Untreated 
and microbial-inoculated corn silage in 
high silage rations for growing cattle . 
Midwestern Section , Amer Soc Anim 
Sci Abstr 55:99. 
Palmer, L.F ., et al. 1982. Soybean meal or 
urea at various levels for growing-
finishing lambs. Amer Soc Anim Sci 
Abstr 809 :449. 
__ , et al . 1983. Protein 
supplementation with ear corn for 
finishing cattle . Midwestern Section , 
Amer Soc Anim Sci Abstr 84: 111 . 
26 
Samie , H . , et al . 1982. Effect of copper on 
the sulfur amino acid requirements of 
. turkeys . Poul Sci 61(7) :1536. 
Seideman , S.C. , et al. 1982. Precooking 
and flake size effect on spent fowl 
restructured steaks. J Food Protection 
45 :38 . 
__ , et al. 1982. A research note : 
effect of hot boning and particle 
thickness on restructured steaks . J 
Food Sci 47 :1008. 
Shue , D.P., et al. 1983. Dose-response 
effects of PGF-2ot on pregnant mice. 
Amer Soc Anim Sci Abstr 668:391 . 
Slyter, A.L. , et al. 1982. The effect of 
photoperiod on serum progesterone and 
prolactin levels and reproductive 
performance of anestrous Targhee 
ewes . Amer Soc Anim Sci Abstr 
203:202 . 
Smolik , J.D., and J.K. Lewis . 1982. Effect 
of range cond ition on density and 
biomass of nematodes in a Mixed 
Prairie ecosystem. J Range Manage 
35 :657. 
Trapp , M.J., and A.L. Slyter. 1983. 
Pregnancy diagnosis in the ewe . J 
Anim Sci 57(1 ): 1. 
Wahlstrom , R.C ., and G.W. Libal. 1983. 
Compensatory responses of swine 
following protein insufficiency in grower 
diets. J Anim Sci 56(1):118. 
__ , et al . 1982. Effect of metallic 
cations on chlortetracycline absorption 
in growing swine. J Anim Sci 
55(5) :873. 
__ ,et al. 1983. Supplemental 
potassium and lysine in low potassium 
pig starter diets . Midwestern Section , 
Amer Soc Anim Sci Abstr 26:87 . 
White, E.M ., et al. 1983. Blue grama 
(Bouteloua gracilis) response to 
fertilization of a claypan soil in the 
greenhouse. J Range Manage 
36(2):232 . 
Williamson , W.D., et al. 1982 . Factors 
affecting reproductive performance of 
Angus , Charolais and reciprocal cross 
cows. Amer Soc Anim Sci Abstr 
127:170. 
Wing , K.M ., et al. 1982. Influence of 
salt and hydrolyzed vegetable protein 
on the sensory attributes of ground cow 
beef patties . J Food Quality 5: 155. 
Publications: 
Bilger, L.S., et al. 1982. Savory grazing 
system: a research update . Proc COW-
CALF Day :1. 
Bruce , L.B., and D.H. Gee . 1983. The 
effect of growth promoting implants on 
feedlot performance by Gelbvieh bulls. 
CATTLE 83-7:30 . 
__ , et al . 1983. The effect of Synovex 
-S implants on feedlot performance of 
Angus bulls and early feedlot period 
castrated Angus bulls . CATTLE 
83-6:27. 
_ _ , et al. 1982. An evaluation of 
three feeding schemes to winter 
replacement heifers. COW-CALF 
82-5 :51 . 
__ , et al. 1983. An evaluation of 
three feeding schemes to winter 
replacement heifers . CATTLE 83-3:11 .' 
Buckley , B.A. , and C.A. Dinkel. 1982 . 
Repeatability of cow efficiency , weaning 
weight and milk production . COW-CALF 
82-1:38 . 
Busch , W .J., and A .L. Slyter. 1983. The 
effect of management system and breed 
of ewe on lamb production (progress 
report) . SHEEP 83-7 :25 . 
Embry , L.B., et al. 1983. Lasalocid 
supplementation for grazing steers . 
CATTLE 83-1 :1. 
__ , et al. 1983. Lasalocid or 
monensin suplementation for short 
periods of finishing. CATTLE 83-2 :5. 
__ , et al. 1983. Ear corn and shelled 
corn diets for finishing cattle . CATTLE 
83-8:33 . 
Engle, D.M., and J.G. Schimmel. 1982. 
Repellent effects on distribution of 
steers on native range . COW-CALF 
82-6 :54 . 
Hoppe, K.F., and A.L. Slyter . 1983. 
Synchronization of estrus in the ewe 
with various dosages of prostaglandin 
F2q, . SHEEP 83-8 :28 . 
Johnson , J.R ., and J.T. Nichols . 1982. 
Plants of South Dakota rangelands-a 
photographic study. Bui 566 (Revised). 
166 pp. 
Johnson, R. 1983. Lamb carcass quality 
grade revisions . Proc Sheep Day:48 . 
_ _ , et al. 1983. The effects of breed 
and implant on bullock beef . CATTLE 
83-4 :14 . 
Kashani, A.B., and C.W. Carlson. 1982. 
Sunflowers for growing pullets. 
POUL TRY 82-1 :1. 
__ and __ . 1982. Aureomycin 
f9~ laying hens . POULTRY 82-3:6. 
Kohler , P.H., and L. Blome . 1982. Horn 
fly control on range beef cattle . COW-
CALF 82-8:62 . 
-
-
-Lewis, J.K. 1982. Criteria for naming and 
comparing grazing systems. Poster with 
mimeo handout. National Conf on 
Grazing Mgmt Tech, College Station, 
TX. 
__ . 1983. Range ecosystems of the 
Northern Great Plains : definition and 
overview. Bui Ecol Seo Amer 64(2):87 
(abstr). 
Libal, G .W., et al. 1982. Sunflower meal 
in diets of growing-finishing pigs. 
SWINE 82-7:24. 
__ , et al. 1982. Effect of antibiotics in 
high fiber diets on performance of 
growing-finishing pigs . SWINE 82-8 :28. 
Lingscheit, T.W., and C.A. Dinkel. 1982. 
Growth hormone as a predictor of future 
performance in beef females . COW-
CALF 82-2:40. 
Luther, R.M. 1982. Mr. J. SD Farm and 
Home Res 33(3-4) :6. 
__ . 1982. Silage management-the 
key to quality corn silage. Proc Cow-
Calf Day :16. 
__ , et al. 1983. Effect of additives on 
ensiled high-moisture ear corn quality 
and utilization by lambs. SHEEP 
83-2 :8. 
Miller, H.L. , and L.C . Blome. 1982. 
Evaluation of one or two lutalyse 
injections for esterous synchronization 
in beef cattle. COW-CALF 82-3:43. 
__ , et al. 1982. Mating and 
management systems for commercial I beef production. Proc Cow-Calf Day:6. Minyard, J.A., et al . 1982. Preconditioning 
feeder calves. Proc Cow-Calf Day:33. 
Nahm, K.H., et al. 1982. Some effects of 
enzyme supplementation and various 
wheat bran levels in a broiler diet on 
apparent digestibility. POUL TRY 
82-5:10. 
Nothnagel, J.G., et al. 1983. Untreated 
and microbial -inoculated corn silage in 
high silage rations for growing cattle . 
CATTLE 83-5:20 . 
Oruseibio, S., et al. 1982. Sunflower, 
soybean and meat meals in laying 
diets . 82-8:18. 
Palmer, L.F. , et al. 1983. Protein 
supplementation with ear corn for 
finishing cattle. CATTLE 83-10:49. 
__ , et al. 1983. Soybean meal or urea 
led at various levels for growing-
finishing lambs. SHEEP 83-1: 1. 
__ , et al . 1983. Sources of 
supplemental protein with corn silage 
for growing cattle . CATTLE 83-9 :40 . 
Plumart, P.E. 1982. Egg cash flow 
analysis- an AGNET computer program. 
POULTRY 82-7:16. 
Rakshit , C.C. , and C.W. Carlson . 1982. 
Use of lactobacillus cultures as feed 
additives in layer diets . POULTRY 
82-4;8. 
A Samie, H . , et al. 1982. Effect of feed 
y additives on the growth of turkeys . 
POULTRY 82-2:4. 
Schimmel, J.G., and L.B . Bruce. 1982. 
Effect of implants on testicular grow th 
in feedlot yearling beef bulls . COW-
CALF 82-4 :47 . 
Shue, D., et al. 1982. Pine needle abortion 
in cattle. A progress report. COW-CALF 
82-9:67. 
Slyter, A.L. , and K.F. Hoppe. 1983. 
Integrated management of reproduction 
in the ewe . SHEEP 83-4 :19. 
__ and R. Regen . 1983. Induction of 
fertile estrus in early weaned ewes with 
controlled light (progress report) . 
SHEEP 83-5:22. 
__ and W.R . Trevillyan . 1983. The 
effect of Ralgro on weight gains of 
suckling range lambs. SHEEP 83-6:23 . 
__ , et al . 1983. The effect of 
controlled lighting to enhance breeding 
in anestrous ewes. SHEEP 83-3 :14. 
Thompson, J.M . 1983. Alternative feed 
grains for sheep . Proc Sheep Day :34. 
Wahlstrom, R.C., and G.W. Libal. 1982. 
Protein needs of barrows and gilts 75 
to 225 pounds. SWINE 82-1 :1. 
__ and __ . 1982. Trace mineral 
suplementation of diets for growing-
finishing swine . SWINE 82-5 : 17. 
__ and __ . 1982. Supplemental · 
potassium in swine diets varying in 
lysine content. SWINE 82-6:20. 
Whittington , D.L. 1982. Growth implants 
for the cow-calf producer-Ralgro, 
Synovex and Compudose. Proc Cow-
Call Day:28. 
Biology 
Journal articles : 
Chen , C.H., et al. 1983. Cloning Lilium 
formosanum through leaf and bulb 
scale cultures . Am J Bot 70(5) , part 
2:83. 
Chen , L.F ., et al. 1982. Meiotic studies of 
callus culture-derived I ndiangrass 
(Sorghastrum nu'tans L. Nash) . Proc SD 
Acad Sci 67:87. 
Haertel , L., and D. Jongsma. 1982. Effect 
of winterkill on the water quality of 
prairie lakes . SD Acad Sci 61 :134. 
Hugghins, E.J ., et al. 1983. Sarcocystis of 
wild ungulates in South Dakota. Ann 
Midwestern Con! of Parasitologists : 38. 
Larson , Gary E., and W.T. Barker. 1983. 
The aquatic and wetland vascular 
plants of North Dakota. Res Proj Tech 
Comp Rep, Proj No A064 NDAK, Water 
Resources Institute. 453 pp . 
McMullen, C.R., and D.D. Walgenbach . 
1983. Cytological changes in wheat 
induced by the Hessian fly . Proc SD 
Acad Sci 61 :188. 
Ode, D.J. 1982. Flora of Ordway Prairie 
compared to other prairie remnants of 
the Missouri Coteau. Proc SD Acad Sci 
61 :184. 
__ and D.J. Holden. 1980. History 
and management plans for five South 
Dakota prairie preserves. The Nature 
Conservancy Misc Pub . 159 pp . 
Steffenson, M.B., et al. 1983. College 
student attitude toward computer 
managed instruction in an introductory 
biology course. ERIC . 74 pp. 
Whalen , R.H . 1983. Location and allelism 
of golden-2. Maize Genetics 
Cooperation News Letter 57:20. 
Publications : 
Bame, G. , and D.J. Holden . 1983. 
Extracting the insecticidal component in 
the seeds of purple coneflower 
(Echinacea pallida). Prairie Universities 
Biological Seminars. U of No Dak 
(abstr) . 
Holden, D.J. 1982. Dakota visions, a 
country approach. Center for Western 
Studies , Sioux Falls, SD. 
Kucharski , K.M. 1983. Nucleolar volume 
changes in Eucharis grandillora , 
Planch. , the Amazon lily during the 
morphogenetic shift to flowering . MS 
thesis, SDSU. 
Norris , M .K. 1983. Potential biological 
control of nuisance bluegreen algal 
species by Najas guadalupensis and 
Hydrodictyon reticulatum. MS thesis, 
SDSU. 
Shultz, J.B. 1982. Gastrointestinal 
helminth parasitisms of dairy cattle in 
South Dakota. MS thesis , SDSU . 
Steffenson, M.B. 1983. College student 
attitude toward computer managed 
instruction in an introductory biology 
course. MS thesis , SDSU. 
Dairy Science 
Journal articles : 
Athar , I.H ., et al. 1983. Ultrafiltration of 
skim milk prior to cottage cheese 
making. J Dairy Sci 66(Suppl 1 ):69 
(abstr) . 
Bemis , Jr., C.A. , et al. 1983. 
Manufacture of cheddar cheese using 
vacuum concentrated milks. J Dairy Sci 
66(Suppl 1 ):75 (abstr) . 
Clark , A.K., et al. 1983. Relationship of 
feeding time to time of parturition for 
dry Holstein cows . J Dairy Sci 66(Suppl 
1):138 (abstr). 
__ , et al. 1983. Evaluation of butter 
processed from milk of cows fed whole-
rolled sunflower seeds with or without 
additional limestone. J Dairy Sci 
66(Suppl 1 ):89 (abstr). 
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Drackley, J.K., and A.K. Clark. 1983. 
Digestibilities, rumen and blood 
parameters , and nitrogen balance of 
steers fed diets containing whole-rolled 
sunflower seeds with or without 
additional calcium. J Dairy Sci 66(Suppl 
1 ): 155 (abstr). 
Finn, A.M., et al. 1983. The use of whole-
rolled sunflower seeds with or without 
additional limestone in lactating dairy 
cattle rations . J Dairy Sci 66(Suppl 
1):155 (abstr). 
McGuffey, R.K., and D.J. Schingoethe. 
1982. Whole sunflower seeds for high 
producing dairy cows . J Dairy Sci 
65 :1479. 
Novak, N.F. , et al. 1983. An alternative 
method for determining subvisual dye 
content in milk following intramammary 
infusion with dye marked antibiotic 
preparations. J Dairy Sci 66(Suppl 
1 ):59 (abstr) . 
Oelberg , T .J., et al. 1983. Evaluation of 
covering, dry matter, and preservative 
at ensiling of alfalfa in bunker silos . J 
Dairy Sci 66:1057. 
Sahlu, T. et al. 1983. Lactational and 
chemical evaluation of soybean meals 
heat-treated by two methods. J Dairy 
Sci 66(Suppl 1):168 (abstr) . 
Schingoethe, D.J., et al. 1982. High 
protein oats for lactating dairy cows 
and growing calves. J Anim Sci 
55:1200. 
_ _ , et al. 1982. Response of cows 
consuming adequate selenium to 
vitamin E and selenium supplementation 
prepartum. J Dairy Sci 65:2338. 
_ _ , et al. 1983. Wet distillers grains 
in lactating dairy cow rations. J Dairy 
Sci 66:345. 
Shah , N.P. 1982. Use of whey and lactose 
hydrolysis in yogurt bases. MS thesis , 
SDSU. 
Sharma, B.K ., and A.K . Clark . 1983. 
Digestibility of sunflower hulls treated 
with sodium, ammonium , and 
potassium hydroxides . J Dairy Sci 
66(Suppl 1 ):193 (abstr). 
Stewart, G.D. 1982. Feeding value of high 
starch and high fat rations for dairy 
calves. MS thesis , SDSU. 
Voelker, H.H ., et al. 1983. High moisture 
corn preserved with propionic acid in a 
bunker silo versus dry corn in complete 
mixed rations for lactating cows . J 
Dairy Sci 66(Suppl 1):1 65 (abstr) . 
__ , et al. 1983. Effects of some 
additives on preservation of high 
moisture corn . J Dairy Sci 66(Suppl 
1):177 (abstr). 
Windschitl, P.M., and D.J. Schingoethe. 
1983. Rumen microbial protein 
synthesis in cows fed dry whey. J 
Dairy Sci 66(Suppl 1):154 (abslr). 
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Publications: 
Clark , A.K. 1983. Fat cow syndrome. 
. DSU-83-5. 
__ , et al. 1983. Current research at 
SDSU utilizing sunflower seeds and by-
products in dairy cattle rations . Page 
14 in Proceedings 1983 Sunflower 
Research Workshop, January 26, 
Minot, ND. 
Owens, M.J. , and D.J . Schingoethe . 
1982. Feeding the dairy herd . SDCES 
FS 769 . 
__ , and __ . 1982. Formulating 
rations for the dairy herd . SDCES FS 
770. 
Parsons, J .G. 1983. Somatic cell counts-
profit from effective control. DSU-83-6. 
Schingoethe, D.J. 1982. Cattle need 
more energy in cold weather. SD DHIA 
News, December. 
__ . 1983. Minimizing heat damage to 
forage proteins during storage. 
DSU-83-1 . 
__ . 1982. Whey and whey .products 
as feeds for dairy cattle. Page 482 in 
Proceedings of 12th World Congress on 
the Diseases of Cattle, The 
Netherlands. 
Torrey, G.S. 1983. Some answers about 
mycotoxins for milk producers . 
DSU-83-7. 
__ . 1983. Influence of machines, 
science , and ideas on hazards in foods . 
Nutrition in Action Symposium, SDSU, 
Brookings. 
Voelker, H.H. 1982. Type-production 
indexes for dairy sire selection . 
Midwest Dairyman 6(1) :24. 
_ _ . 1982. Total performance index for 
selecting Holstein sires . SD Holstein 
News 51 :22. 
__ . 1982. Cow culling . Midwest 
Dairyman 6:4. 
__ . 1983. Cull low producing cows . 
SD Holstein News 52:30. 
__ . 1982. Selecting Holstein si res for 
high predicted differences. DSU-83-2. 
_ _ . 1983. High moisture versus dry 
corn in total mixed rations for dairy 
cows . DSU-83-3. 
__ . 1983. High moisture corn has 
many advantages. Hoard 's Dairyman 
128:962. 
_ _ . 1983. Update on Holstein cattle 
breeding research. SD Holstein News 
52:16. 
_ _ , 1983. Naming animals for 
simplicity. Ayrshire Digest 69 :·8. 
__ . 1983. Efficiency in naming 
animals . Jersey Journal 30 :46 . 
Economics 
Journal articles: 
Dobbs, T. L. , et al. 1982. Evidence on the 
economic feasibility of small-scale fuel 
alcohol production . Amer J or Agri Econ 
64(5):1087 (abstr) . 
Publications : 
Allen , H.R., and W.G. Aanderud. 1982. 
Budgets for major livestock enterprises 
in South Dakota. SDSU Bookstore . 
Allen , H.R. 1982. Costs per hour and per 
acre for machine operations. Econ 
Pamph 153. 
__ . 1983. Financial analysis , South 
Dakota farm panel records program. 
Econ Pamph 83-1 . 
Clauson, Annette. 1983. Market structure 
and conduct of the South Dakota beef 
industry. MS thesis , SDSU. 
Dobbs , T.L. 1982. Economic change in a 
north Indian village . Econ Rep. 
__ . 1982. Update on costs of 
producing fuel alcohol from small-scale 
plants . Econ N/L 190. 
__ . and R. Hoffman. 1983. Small-
scale fuel alcohol production from corn : 
economic feasibility prospects . SDAES 
B 687. 
_ _ , et al. 1982. Evidence on the 
economic feasibility of small -scale fuel 
alcohol production. Econ Dept Staff Pap 
Ser 82-1. 
Edelman, M.A. 1982. South Dakota tax 
facts for financing state and local 
government. CESEC 746. 
__ . 1982. Who ought to pay the 
South Dakota tax bill? Econ N/L 186. 
_ _ . 1983. What should be the U.S. 
food aid policy? Econ NIL 192. 
__ . 1983 . What are the federal 
budget and public debt options? Econ 
N/ L 194 . 
_ _ . 1983. What should be the farm 
credit policy : an overview of the 
problem and options available. Econ 
Staff Pap 83-1 . 
_ _ and M.A. Martin. 1983. An 
analysis of U.S. farm commodity 
program alternatives for corn and 
soybeans under different export growth 
scenarios. Indiana AES B408. 
Hoffman , R., and T.L. Dobbs. 1982. A 
small-scale plant: costs of making fuel 
alcohol. SDAES B 686. 
Janssen L. , and K. Weischedel. 1982. 
Producer profile with potential. SD Farm 
and Home Res 33(2) . 
_ _ , and M.A. Edelman. 1983 . The 
changing structure of South Dakota 
agriculture. Econ Dept Res Rep 83-2 . 
Kamps, W.E. 1983. The economic and 
public finance impacts of industrial 
development. Econ N / L 193. 
Lamberton , C.E. 1983. Restructuring a rail 
system, South Dakota 's experience 
from 1976-81 . SDAES B 688. 
-
-
-
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t 
t 
Lundeen, A. 1982. Report on the status, 
roles, and opportunities for women in 
agricultural economics. Econ rep. 
__ , 1982. Report on the survey of 
women in agricultural economics. Paper 
presented at the Women 's Equity Cont ., 
Univ of No. Dakota . 
__ . 1983. Farm women's contribution 
to the farm. Econ N /L 196. 
Manley , P.D., and P.G. Favero . 1983. 
Scenic and recreational river 
designation, what happened to the 
James? SDAES B 689. 
Ring, R., and L. Janssen. 1983. The 
effects of use value assessment on 
county and school district tax revenues 
and on state aid to education . Univ of 
South Dakota. Fae Wkg Pap 4. 
Shane, R.C. 1982. Interest rates: their 
impact on farm income. Econ N/L 189. 
__ . 1983. Small business institute at 
SDSU. Paper presented to Farmers 
Home Admin Cont., Brookings. 
Sinombe, K.P.C . 1982. A short-run 
economic analysis of some factors 
influencing the supply of beef cattle at 
auctions in Southeastern Botswana 
(1976-1980). MS thesis, SDSU. 
Taylor, D.C., and R.C . Shane. 1982. The 
economics of irrigated crop production 
in eastern South Dakota. Econ Dept Res 
Rep 82-3 . 
__ and __ . 1983. The impact of 
rising energy prices on crop 
production: Brookings and Turner 
counties. SDAES B 684. 
Taylor, D.C . 1982. Energy and crop 
production economics. Econ N/L 188. 
__ . 1982. Preparation of international 
students for leadership roles . Proc No 
Cen Reg Tchg Symp, Brookings . 
__ . 1983. Seven short years, if 
energy prices go up any more, you may 
be changing crops by 1990. SD Farm 
and Home Res 34(1):13. 
__ . 1983. Economics research at 
SDSU. Econ N/L 195. 
__ . 1983. Food aid and/or food 
production aid to help meet the needs 
of a starving world. Proc Third Ethel 
Austin Martin Visiting Professorship in 
Human Nutrition , Brookings . 
White, M. 1982. A simulation of the 
economic and public finance impacts of 
industrial development on the 
community for Brookings, South 
Dakota. MS thesis, SDSU. 
H orticu ltu re-Forestry 
Journal articles : 
Prashar, P. 1982. It's easy to green up 
drought-stricken lawn . Crops & Soils 
Mag . 34(9):19 . 
Publications: 
Prashar, P., and D. Martin . 1982. 
Vegetable varieties for South Dakota. 
SDCES FS 489. 
Spinski, P.L., and I. Thoreson. 1983. 
Welcome to McCrory Gardens. 
Departmental publication . 
Microbiology 
Journal articles: 
Gibbons , W.R., and C.A. Westby . 
1983. Fuel ethanol and high protein 
feed from corn and corn-whey mixtures 
in a farm-scale plant. Biotech 
Bioengineer 25 :2127 . 
__ , et al. 1983. A continuous , 
farm-scale , solid-phase fermentation 
process for fuel ethanol and protein 
feed production from fodder beets . 
Biotech Bioengineer (submitted). 
Hillam , R. P. , et al . Effect of acute 
nitrogen exposure on cellular immunity 
after lung immunization. Environ Res . 
_ _ , et al. Lung localization of 
immune cells stimulated in distant 
lymph nodes . Int Archives of Allergy & 
Immunity . 
__ , et al. 1983. Effects of purified 
pentachlo rophenol on the serum 
proteins of young pigs . Bull Environ 
Contam Toxic 31 (in press) . 
Matthees , D.P., et al. Degradation of 
some carbamate pesticides on 
carbofuran history soils . Bull Environ . 
Contamin Toxicol (submitted ). 
Stampe , S., et al . 1983. Energy 
consumption of a farm-scale ethanol 
distillation system. Energy in Agric (in 
press). 
Todd , R.L. 1983 . Changes in soil 
chemical properties following a 12-year 
fallow : A 2 year comparison of 
conventional till age and no-tillage agro 
ecosystems . Soil and Tillage Research 
3:277 . 
__ . 1983. Nitrogen dynamics 
during conversion to slash and burn 
agriculture . Oikos 40 : 131 . 
Westby , C.A. , et al . 1983. Metabolism 
of various carbon sources by 
Azospirillum brasilense . J Bacterial (in 
press) . 
__ , and W.R. Gibbons . 1982. 
Farm-scale production of fuel ethanol 
and wet grain from corn in a batch 
process . Biotech Bioengineer 24 : 1681 . 
Williams , S .E., et al. Interactions of 
microorganisms with aqueous effluents 
derived from an in situ oil shale 
retorting process . USDOE/NTIS (in 
. press) . 
Articles, Publications : 
Anderson , S.B. , and C.A. Westby . 
1982. Purine nucleotide production 
during morphogenesis of Myxococcus 
xanthus . Abstr of the 9th Intern Conf 
on the Biol of the Myxobacteria . 
Asilomar , CA. 
Bice, D.E ., et al. 1982. Recruitment to the 
lung of immune cells produced in 
distant lymphoid tissues . Presented 
May 1982 to ann American Thoracic 
Society Meeting , Los Angeles , CA . 
Dott , Mark W. 1983. Numbers and activity 
of nitrogen-fixing bacteria associated 
with spring wheat. MS thesis, SDSU . 
Gauger, W.K., et al. 1983. Persistence of 
carbamate and organosphosphate 
pesticides mediated by microbial 
populations . Presented to Am Soc 
Microbial, New Orleans, LA . 
Gibbons , W.R. , and C.A. Westby . 1982. 
Batch and continuous production of fuel 
ethanol from corn and corn-whey 
mixtures with and without stillage 
recycling . Abstr of ann mtg of the Amer 
Soc for Microbial 197. 
__ and __ . 1983. Novel farm-
community scale processes for the 
conversion of fodderbeets and sweet 
sorghum to fuel grade ethanol. Abstr of 
ann mtg of the Amer Soc for Microbial 
243 . 
_ _ and __ . 1984. Fuel ethanol 
and protein feed production from 
Jerusalem artichokes via continuous , 
solid -phase fermentation. (pending 
acceptance) for ann mtg of Amer Soc 
for Microbial. 
__ and _ _ . 1983. Community-
scale fuel alcohol : Costs-in-production 
II. Acres , U.S.A . 
Hillam , R.P. 1982. Effects of environmental 
pollutants on respiratory immunity. SD 
Environ Health Assoc, Brookings , SD . 
__ , et al. 1982. Effects of various 
inflammatory agents on cell recruitment 
to the lung . Presented to ann American 
Thoracic Society, Los Angeles , CA . 
__ , and A.N. Ozkan . 1983. Lead 
immunosuppression : Effect of exposure 
versus immunization routes . Presented 
to American Society for Microbiology , 
New Orleans, LA . 
Lee , L. 1982. Immunological effects of 
pentachlorophenol in mice . MS thesis, 
SDSU . 
Lemme , T.H., et al. 1983. Characteristics 
of Klebsiella pneumoniae M5al grown 
on carbon sources under a nitrogen 
atmosphere . Canadian Society of 
Microbiologists , abs tr , Wi nnepeg . 
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Matthees, D.P., et al . 1983. Degradation 
of soil pesticides in history and 
nonhistory soils. Presented to North 
Central Branch , Entomological Soc Am , 
St. Louis , MO . 
Ozkan , A.N. , 1982. Effect of aerosolized 
lead on systematic immunity. MS 
thesis, SDSU . 
Pengra, R.M. and D.K . Parsons. 1983. 
Nitrogen fixation in the wheat root 
zone . In Forage and Grain , a College of 
Agriculture Report. CES , AES University 
~ Arizona, Tucson. · 
Reilly-Gergen , L. , and R.P. Hillam. 1983. 
lmmunosuppression activity of ingested 
and dermally applied toxaphene in 
mice. Presented to American Society for 
Microbiology, New Orleans , LA. 
Tranby, P.V. 1982. Serological grouping of 
Rhizobium isolated from South Dakota 
native legumes. MS thesis , SDSU . 
Vigil , G.V., and C.A. Westby . 1982. 
Carbon metabolism of Azospirillum 
brasilense . Abstr ann mg of Amer Soc 
for Microbial 138. 
Westby, C.A. , and W.R. Gibbons . 1983. 
Fuel ethanol production from corn , 
grain dust, and grain dust/whey 
mixtures in a farm -scale plant . Abstr of 
ann mtg of Amer Soc for Microbial 243. 
_ _ and _ _ . 1984. Continuous , 
solid-phase fermentation of sweet 
sorghum for fuel ethanol production . 
(pending acceptance) ann mtg of Amer 
Soc for Microbial . 
Plant Science 
Journal articles : 
Boe, A., and R. Wynia . 1982. Relationship 
of age of seed to germination and 
emergence of swtichgrass (Panicum 
virgatum L.). Proc SD Acad Sci 
61 :163. 
_ _ , et al. 1983. Pedicellate spikelet 
fertility in big bluestem from eastern 
South Dakota. JRM 36:131 . 
Buchenau, G.W., and M.D. Yahnke . 1983. 
Effect of temperature on control of 
seedling disease on spring wheat 
grown from scabby seed. Phytopath 
73 :799 (abstr). 
Chen, C.H ., et al. 1982. Plant regeneration 
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Budget 
AGRICULTURAL EXPERIMENT STATION 
For period ending June 30 , 1983 
Source of funds FY 82 
State appropriations (general funds) 4,060,877 
Continuing federal appropriations 
(Hatch & regional research funds) 1,878,343 
Continuing federal appropriation (MIS) 90,765 
Federal grants and contracts (USDA) 371 ,283 
Federal grants and contracts (not USDA) 139,928 
State agencies grants 178,464 
Private grants and contracts 225,280 
Internal , statewide , and industry services 642 ,926 
Replacement livestock and feed purchases 1,186,083 
Total 8,773 ,949 
Sales income to general fund 81 ,328 
Net support from general fund 3,979 ,549 
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FY 83 
4,225 ,321 
1,987,542 
92,903 
328 ,457 
138,858 
174,362 
270 ,285 
743 ,217 
1,129,214 
9,090 ,159 
89 ,799 
4,135,522 
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And .. . 
Director's comments 
Our harvest season is 12 months long. Like 
farmers and ranchers, we sometimes have 
unpredictable yields and many frustrations ; 
sometimes (most times) we don't see profit 
(which goes to you) for many years . 
Monoclonal antibodies 
Cancer cells are put to a good use-as carriers 
for antibody-producing genes . They make a 
''hybrid ' ' cell that reproduces itself over and 
over and an antibody that is pure and specific 
for a particular disease. 
Chem lab moved 
SDSU has acquired the state chem lab. Its jobs 
haven't changed, but we expect to save money 
and avoid duplication of work by sharing 
equipment and personnel between it and other 
projects . 
96th annual report 
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Semi-dwarf with promise 
A lot of the energy in present-day ryes goes to 
stalk, and then they lodge and tangle at 
harvest . An experimental rye being developed at 
SDSU may solve that ; it's short and looks like it 
will yield well. 
The future of beef at stake 
One of the options the beef industry has is to 
"fabricate " meat, taking a cheaper cut like 
chuck and flaking and shaping it into a steak-
like product. 
Forces of change 
Six forces have been working on agriculture in 
in this last " lifetime of man, " and they don't 
even include the farmer himself . The question 
is how much we want to become the seventh 
force . 
19 We list the people and the projects of the Experiment Station for the last fiscal year. 
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